It is well known that polyvinyl fluoride (PVF) is processed not only from the melt but also from solution, and in particular "Tedlar" films are produced from solution. The solubility of PVF in strongly polar solvents such as dimethylformamide (DMF) and dimethyl sulphoxide (DMSO) broadens the processing range considerably. The polymer is also soluble at a temperature above 363 K since, at these temperatures, thermal and thermo-oxidative degradation of the polymer occurs. In spite of this, in the literature there are no data on the thermal and thermo-oxidative degradation of PVF in individual and mixed solvents. Therefore, the present work is devoted to an investigation of the thermal and thermooxidative degradation of PVF in individual and mixed solvents using an ion-selective fluoride electrode of the "Kritur" type.
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It is well known that polyvinyl fluoride (PVF) is processed not only from the melt but also from solution, and in particular "Tedlar" films are produced from solution. The solubility of PVF in strongly polar solvents such as dimethylformamide (DMF) and dimethyl sulphoxide (DMSO) broadens the processing range considerably. The polymer is also soluble at a temperature above 363 K since, at these temperatures, thermal and thermo-oxidative degradation of the polymer occurs. In spite of this, in the literature there are no data on the thermal and thermo-oxidative degradation of PVF in individual and mixed solvents. Therefore, the present work is devoted to an investigation of the thermal and thermooxidative degradation of PVF in individual and mixed solvents using an ion-selective fluoride electrode of the "Kritur" type.
The investigation was carried out on PVF synthesised by aqueous suspension polymerisation of vinyl fluoride in the presence of diisopropylperoxy dicarbonate (DIPDC) at 303 K with a molecular weight of 474 000. The solvents used were dimethylformamide (DMF), dimethyl sulphoxide (DMSO), acetophenone (ACP), and cyclohexanone (CHN), the physicochemical characteristics of which are presented in Table 1 .
Before use, the solvents were purified by vacuum distillation in inert gas (nitrogen).
The thermal and thermo-oxidative dehydrofluorination of PVF in solution was carried out at 443-463 K in a bubbling-type reactor equipped with a reflux condenser. The necessary amounts of polymer were placed in the reactor, 50 ml of solvent was poured over it, and air (or inert gas) blowing was carried out for 5 min, and only after this was it placed in an oven rated such that the necessary temperature, with account taken of the carrier gas feed, was ensured in the reactor.
The hydrogen fluoride (HF) released was removed from the reaction zone in an air (or inert gas) flow. The gas feed rate was controlled using a system of monostats, and in all experiments it was kept constant at 26 ml/min.
Traps with bidistilled water, where an ion-selective fluoride electrode was fitted, were used to absorb the HF. The signals from the electrode were recorded using an EV-74 pH meter. The results obtained were used to plot graphs of the dependence of the amount of HF released on the time of degradation of the polymer, on the basis of which the degradation rate was calculated.
The results of thermal and thermo-oxidative degradation of PVF in solution are presented in Table 2 *.
As can be seen from the results of investigations (Table 2), the degradation rate of PVF in solution increases with increase in the dielectric permittivity of the solvents. The thermal degradation rate of PVF at 453 K in a 1 wt.% ACP solution amounts to V HF = 1.2 × 10 -6 mol HF/mol PVF s, and in a DMSO solution to V HF = 5.5 × 10 -6 mol HF/mol PVF s, which seems to be due to special interaction of PVF macromolecules with solvent molecules.
The degradative processes occurring in a DMF solution are accelerated when characteristic impurities for the given solvent are present. For example, dimethylamine interacts with the hydrogen fluoride released during * Editors Note: Under conditions similar to those given above, a fluoride ion also accelerates the dehydrofluorination of PVF, as indicated by the data in Table 2 .
On the other hand, donor-acceptor interaction between polymer and solvent (DMF), which produces a cyclic structure, proceeds by the following scheme:
The formation of such an intermediate complex lowers the energy of -C-F and -C-H bond rupture and facilitates the detachment of HF from the PVF macromolecules.
With increase in the PVF concentration in the DMF solution, the dehydrofluorination rate of the polymer increases. This seems to be due to increase in the concentration of the emerging intermediate complex, and also to the formation of (CH 3 ) 2 NH.HF, which accelerates the thermal decomposition of the polymer. A similar dependence is observed with increase in temperature.
The process is much more rapid in a DMSO solution than in DMF. This appears to be due to the greater polarity of the S=O bond in DMSO by comparison with the C=O bond in DMF.
In ref. 2 it was shown that the polar nature of the S=O bond in DMSO determines the high solvating power of this solvent in relation to substances of ionic structure, through the formation of hydrogen bonds. The hydrogen bond formed weakens considerably the initial covalent bond, which facilitates abstraction of the proton atom with the subsequent formation of hydrogen fluoride.
A comparison of the kinetic data of the dehydrofluorination rate of PVF in solution, in nitrogen, and in air indicates that the process is much slower in nitrogen than in air. For example, in air at 443 K V HF = 4.6 × 10 -6 mol HF/mol PVF s, while in nitrogen V HF = 3.3 × 10 -6 mol HF/mol PVF s.
An analysis of the kinetic data of dehydrofluorination of PVF in a DMSO solution in the presence of air shows that the kinetic curves are S-shaped. This indicates the autocatalytic nature of dehydrofluorination of the polymer. This seems to be due to the formation of hydroperoxides with the participation of air oxygen. The hydroperoxides subsequently intensify the thermal decomposition of the polymer. Furthermore, at high temperatures in the presence of air oxygen, DMSO is oxidised and forms different alcohols, aldehydes, and acids which affect the thermal decomposition of the polymer. Such a pattern is not observed in an inert medium.
A study was also made of the thermal and thermooxidative degradation of PVF in ACP and CHN solutions at different temperatures, the results of which are presented in Table 2 . An analysis of the results of studies indicates that the above solvents appreciably inhibit the thermal and thermooxidative decomposition of PVF. This is due to the presence in their structure of a cyclic group forming stable free radicals during thermal decomposition, which seem to inhibit the free radical process of thermal breakdown of the polymer.
In a CHN solution, the thermal degradation of PVF proceeds in a peculiar manner, namely the degradation rate in air is lower than in nitrogen. This seems to be due to the fact that, in the presence of oxygen, quinone derivatives are formed from CHN under these conditions, and these are effective inhibitors of free radical oxidative degradation processes.
On the basis of the results of investigations, the solvents can be placed in the following order of effective reduction in the dehydrofluorination rate of PVF dissolved in them:
Thus, a study of the thermal and thermo-oxidative degradation of PVF in solution showed that it is expedient to use strongly polar compounds containing cyclic or aromatic groups as the solvents.
As can be seen from the results of investigations, the polymer has good solubility in DMSO and DMF, but nonetheless the degradation of PVF proceeds at a high rate. The degradation rate is much lower in ACP and CHN than in DMF and DMSO.
In this regard, it was of undoubted interest to study the effect of a mixture of solvents differing greatly in chemical nature and structure on the main laws and kinetic aspects of the thermal and thermo-oxidative degradation of PVF. Determination of the main principles of thermal and thermooxidative degradation of PVF in mixed solvents would make it possible to approach the selection of solvents on a sounder scientific footing, which is an important factor in the processing of PVF from solution. Figure 1 gives the results of studying the thermo-oxidative degradation of PVF in mixed solvents (dimethylformamidecyclohexanone and dimethyl formamide-acetophenone).
As can be seen from Figure 1 , in DMF-ACP or DMF-CHN mixed solvents there are negative deviations from additivity of the rate of overall dehydrofluorination of PVF with change in the composition of the solvents. Deviation from additivity appears strongly at a ratio of 80:20.
In the case of DMSO-ACP and DMSO-CHN the reverse picture is observed, i.e. a positive deviation from additivity of the rate of overall dehydrofluorination of PVF with ratios of 20:80 and 80:20 manifested by two maxima. This appears to be due to changes in solvent-solvent interaction, which leads to a change in polymer-solvent interaction. This promotes the appearance of an extremum (Figure 2) and is governed by active inhibition of phenolic compounds in radical chain reactions.
Thus, by controlling the composition of the solution, it is possible to control the rate of thermal and thermo-oxidative degradation of the polymer in solution. 
